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Abst rac t .
A  sam]dc of lI{AS galaxy  c.andidatcs  w e r e  olmmwd  in 111 21c In

for galaxy iclmltificatioll  ancl rcdsliift  lncmsurclnc]lts. ‘J’llis gc!lleratod  a
uniform salnp]c of IRAS galaxies jn the area of 2]’ < 0 < 10}’ and
0° < d < 36° which crossc!s  the ZOIIC of Avoidaltcx!  (ZOA)  and il]c]uclm
most of tllc heavily ohscurcd  Orion-Taurus region. ‘1’hc representative
galaxy distribution frol[l our rcxulting  galaxy salnplc provides a view c)n
large-scale structure in this arwa unl]iascd by Galactic reddcuiill.g.

‘J’hc main results aTcu (1) t,llc possihilit.y  c)f a nearby, IIcarly optically
hiddcm,  very rich galaxy collccmtratiol]  in this rcgic)ll  call  ])rol]al)ly  Lc
ruled out. (2) ‘J’llc lnain part of l’isces-l’cumus  su]wrclustm  is limitecl  to
& < 31) in our survey region  by gia.llt  voicls  between 3 h and 4}’. (3) ‘1’here
arc exc.cmsive  galaxies  arcmnd v w 5000 and N 8500 km s- ], rwsjmc.tively.
The latter  “wall” appears to gradually difluse out after  it eutcrs  the XOA
froln the IIortllcrn  Galactic. helnispllcre.

1. lnt.rocluction

Gala.xic%  have been idcmtifiod  optically in tllc I’,cmc of Avoid anc.c (7,0A ) with or
without using IRAS positions (e. g., lltihrn-Vitcmsc 1956, l“itzfcwald 1974, l)oclcl
&. l]rand  1976, Weinhcxger IWO, Kraan-Kortmvcg  ]989,  Saitb  ct al. 1990 &.
~], }~alllada  Ct *1+ ]~()~, ‘J’a~ata  ~t (J/. ] 994, and papers in tl~is  book). Wililc
cqjtically  gmimatcd  galaxy salll])lcxi  arc quite ulliforln at IIigll  Galactic. latitudes,
they bccolnc highly llo~lulliforlll  llmr tile Galactic. pla~lc  ([b] ~ 30°) and itl regions
of cxc.c:ssivc and ])atclly  rcdde.llilg,  making it difficult and, pc:r]laps, ambiguous
to il~tmpret tllc olmrvccl  galaxy clistributioll in tllc XOA. IIliltd  111 2]c.111 surveys
(e.g., Kerr & IIcnl,ing  198’7) wcmld  produce a unifor,n  sa,nplc,  hut is vc,-y tilnc
c.ollsuming.

llLAS l’c)int  Source Catalog (Version 2, 1988;  IIercafter  I’SC) is, 011 the other
hand,  fairly complctc  above a fcw dcgrcm from tllc. Galactic plane. A follow-u])
111 21c.m ohsm-vation  ON far-infrared (FIR) schctcxl  1’SC candidates allows one
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‘J’AIII,I’;  1.  IIlfrarccl  Sclcctioll  Crtcria

}’aralnctcr Criteria

I’SC flux clcnsity  at 100InJl: 1.5 <“j(loo) <8 J y

}’SC flux quality at I OOpriI: lnodcratc  or hi.gl]
I’SC! flux dcllsity  ratios: j(25)/j(loo) <0.50

f(12)/j(loo)  <0.1’7
1.13< j(loo)/j(60) <4.00

I’SC correlation C.ocfl”icimts  (CC): CC(GO) > 0.98; CC(1OO) >0.98

~(z) is t h e  1’S(;  f l u x  dcwsjfy  at z pin, w’itA z = 12, 2.5, 60 or 100.

to gwleratc  a galaxy sam])le  Wliic}i  is free frolri Galactic cxtilictioll  (lJu ct al,
1990) and tllc rcsult,ing galaxy sa]]lplc  oficrs an ullbiasccl  view of tllc large-scale
structure ill a~ld across the Y,OA.

We have applied the above  extillction-free approach to  tlIc rcgio]t  t)oulldcd
by 2]’ < a < 10]’ and 0° < 6 < 36°. ‘J’hc part of the region with b < 0°,
which coutaills  Inost of the lligllly  obscured  Orio~l-rJ’aurus  rcgioli, is of several
interests: (i) ‘J1lLC region  was always ]naskcd out by ])rcvious  rcdshift  surveys;
(ii) ‘1’}le  “local velocity ano~,,aly” of the l,ocal Grou]) is ]minting  ill (or Iicar)
this region  ,(1’abcr &r IIurstcill  1988), a l)ossiMc hint  fo r  a  (ul[kllown) nearby
rich galaxy c.ollc.clltratioll  in this  Icgioll;  (iii) g’hc ]nai]i pal-t of l’isccs-}’crscus
(Ilcrcaftcr  }’1’) su]wrc.luster  is li~,,ited to 0< 3}’ i], optics] in this region, l)espitc
extensive studies oll the 1’1’ region (e.g.,  }Iay]w.s  L?. Giovanelli 1988), ][0 specific
redshift  su]-vcy  })M been done ill the current rcgioll  to see if the lnain part of the
1’1’  su])crclustcr  cxtclids to cr > 3]’, (iv) l’he “Grea t  Wal l”  (Gc]ler & IIuchra
1989) optically “disappcarx”  in the ZOA from the nortltc,rn Ga]ac.tic  hcmisphmc.
It is irnport,allt to see if it mids tllcrc  or cxtcllds  to the Orioll-’J’aurus  region, in
order  to lmttcr  det,crlnilic  the c}laractcrist,ic length of this largest kllowll cohc.rmt
structure. q’hc part of our survey  region with b > ] 00 , wllic]l  has IIIUCh less
obscuration, was selected for t}lc  ])ur])osc  of SOIIIC statistical coln]mrisoll.

2. ‘J’hc SrmlpIe  Selection and  (Jbscrwmtions

2.1. TIIc Sample. Selection

III heavily obscured regions, Galactic source dcmsity  in the 1’SC is also IIip,ll.
l~ollowilg  IJu ct cd, (1990), we usc a set of sclcc.tion  criteria, givcl, ill ‘J’able 1,
which scrcwis out more tllali 75% (;alac,tic  sources, whi]c. still  includes more tlliill

50% lILAS ga.laxim (I,u et al. 1990; also scc Mcurs  ill this book). A~)plyillg  our
c.ritcria  to (optically) cataloged galaxies ill the 1’SC at IIig;h Galactic latitudes,
wc indeed sclcc.tcd  at least 50% at all rcdsllifts,  ‘J’llc ado])tcd  lilnitiJlg  flux dcwsity
of 1.5 Jy at 100p In is equivalmlt  to about  0.7 Jy at 60/~]n,
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l’igurc 1. l’lot showing our survey c.oln]dctmess along Galactic latitude

2.2. Observations

‘J’he Gclec.tcd samp]c of 8’i’6 sources can k clividcd into three parts: (i) 462 (53%)
‘(cataloged  ga]axics” , namely, t.}losc ][oted in 1’SC to be assc)ciatcd  with OIIC or
more optic.a]  galaxy catalogs; (ii) 47 (5$%) “Galactic sourc,cs” (as marked in the
I’SC); al~d (iii) 367 (42%) pure I1{AS sources. Our main observational goal is to
obsc) vc every source it] parts (ii) and (iii), which were not known to bc a galaxy
to us by tllc tilnc of our actual ol)smvatio]ls. ‘J’o this end, we scare.hed literature
for identified galaxies in our sa]n]jlc,  IJot,h  optical and radio jdc]ltificatio]]s  Wf!rc
accq)tcxl.

‘J’lIc 21 C.JN observations WC] c lnadc wit]l  t]lc 305111 radio tc]csc.opc  of t}le
Armibo  Observatory, A c.andidatc source was usually first observed for the lcJw-
vcloc.ity  range  (-400 to 8200 kln s- 1 ). If no galaxy  signal was detected, allotllcr
s})cctrum  was taken  for t}le high-velocity ra]lgc (7800 to 16, 400 kill s- 1), IJlacll
resulting s]wc.tru]n has a velocity resolution of N 16 kln s-] ancl a ty~)ic.al  r]ns
~loisc  of 1.4 JnJy (after  IIallnillg s]noothillg).  ‘J’lIc 111 21 C,111  survey of I,u ct al.
(1990 ),with  a vcloc.ity  coverage u]) to 9000 kln S-l, is tec]lnically  very similar to
the currmlt  o]lc, but xnainly li]nitcd to 161< 16°, It was thcrcforc  illtcgratcd  to
our obscwvatic)lls  over the low-velocity rallgc.

3. ILcsults

3.1. Survey  Completeness

Our survey col[l}Jlctcness  u]) to Soltlc  hclioc.w)tric  velocity, v},, ill our saln})lc  CaII
be defined as the )Iulnhcr  pcrc.clltagc  of those saln])le sources wllic}l are eitllcr
know]) to bc gala.xics  or c)bscrvcd  (u]) to Vh) in C)I]C of tllc above lne.lltiolled  111
surveys. l’igurc 1 shows the dist.ributioll  of our sallll)le sources alollg c;alac.tic
latitude (tlic  thick solid line), ‘J’llc distribution of those sam])lc  sources which
arc either known to bc galaxies or observed over our low (low + hig;h) vcloc.ity
c.ov~riigc  is s11ow]1 by tllc thin solid (dotted) Iillc ill l’ig. 3. ‘J’llcrcforc,  our survey
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l’igurc 2. ]Iistribut.ion of Smn]dc  Galaxies  in l;quatorial  Coordinates

i s  IIear-ly coln]~lctc  u]) to w 16, OOOliIIl  s- l  f o r  ILl >  10° .  l“or ILI <  10° ,  tllc
c.omplctcness  is somewhat lower, I)ut up to 8000 km s- 1, we arc more than 80%
colnplctc  down to IL1 =. 5°. g’hc IIatched histogra~n  is the distributions of known
“non-galaxies’ ) up to our ]ilnitil~?, velocity of 16, 000 kln s- 1, w}licll colnprise  ]css
than 15% percent  of our sample at b <--10° and less than 6% at b > 10°.

Our 111 detections  should h quite  c.olnp]ctc up to Vh w 8000 kln s- l(I,u ct
u 1. 1990), At IIighcr  velocities, we may 10SC so]ne galaxies with low 111 flux
dcnlsity  ill face-c)n position.

4. lLcsults

4.1. Overall  Galaxy  l)istributio]]

‘1’hc sky distribution of all 7]7 kILCIWII galaxies is S]1OWII ill l’igurc ?, where w’c
have sylnbolic.al]y difl’crcntiate  tlic c.atalogcd  galaxies (filled squares) froln the
pure IRAS galaxies (open squalm). q’llc }mrcmltagcs  of pure 111.AS galaxies
in four equal-area bins along R,.A. arc, res~mc,tively,  33% (for 2}’ - 4}’), 53Y0,
43%, and 20%. ‘J’hc variatiou  of this ratio should Inain]y reflect the pattcrll
of tho variation of Galactic mti]lc.tion Au. AU is quite  slnall  for the last bill
of 8}’ < 0 < 10“ (llurst,cin & 11 ei]cs ] 982),  the dificrmlce  bc.twee.n ])ure and
catalcgcd  IRAS galaxies there  reflcc.ts  largely tl~c true  sclcc.tioll  cfb.ct. As wc
shall sw ill ]~i~urc 4, t}le I\lajorit-y  of ])urc ]]/As ~alaxics (2’/ out of ’29) in t}(is
R.A. bin are at velocities higher tllall 8000 kln s-1 , while most of the c.atalogrd
galaxies arc below 10,000 kln s-  1, ‘J’IICSO  results show: (i) existi~ig  all-sky optical
galaxy catalogs could h 33% (= 53Cfi  - 2.OYO) iIlc,oIn~}lc.tc  ill Orion -”J’aurus  region,
(ii) in regions of s]nall  Galactic extinction, our selection dots not sclcc.t many
o])tic.ally  u:lknown galaxies bclc)w  8000 kIII s- 1.

83% (594) of the identified gala,xics  have heliocentric vc]oc.itics  VA available
to us. Wc reduced Vh to v,, the vc]ocity with respect  to the c.clltroid of the 1,o-
ca] ~IOUp,  using;  t)C =. V}, 4 300 si]l(i)cos(b)  ( k]ll S- ] ) W})erc  1 and ~ arc ~,a]ac,tic

4



m —--r l-”-–-~T~T-  - r--7__T-~-”-r7-”’’”-’”-  T-”T--””””-~-”””
J

40mo
Y
~

20

0
0 6000 10000 16000

Velocity (km/s)
l“igure 3. R.cdshift distriljution of our sam~llc  galaxies.

longitude arid latitudes, rcspcctivc]y.  Figure  3 shows the overall distrihutiolls  of
vc ulJ to 16,000 km s- lfor sa.rnple  galaxies. For a comparisotl,  a sa)nplc sckc.ted
with j(60)  > 0.7 Jy (SCC $ 2.1. ) froln a ulliforlnly distributed galaxy  ~)o~)ulatioll
characterized by onc of t.hc available 60pm lu]ninosity  functions (e. g., Yahil  et
al. 1991 ) would have a rcdshift distributio]l  wllicll  peaks around 4000 kln S-l.
7’}Lc overa]l  pattcrll in _f’’igurc 3 can he charactcwized  by two “valleys” (or voids)
and two ‘(peaks” , su~mrl)oscd OJ1 tllc undm-lyillg  slnooth distribution. ‘1’lIc two
a~)pa,rcl)t  voids are o]Ie below N 4000 k]n s-land o]le around  - 7000 kln s--’. ‘J’he
first peak has a factor of w ?. ovcrdcnsity  at N 5000 km s-l. Galaxy  c.oncentra-
tiolls around this velocity were also observed in various directions in and around
our survey region (e.g., F’ocardi, Maralio,  & Vettolani  1984; IIaysc}lildt 1987;
I)OW ct al, 1988; l]ayncs  & Giovallclli 1988; Mauro.gordato  1991; Giovanc]li &
IIayllcs 1993; ‘1’akata  ci al. 1994; Sccbcrgcr, 11 uchtlneicr  & Wcillhergcr  1 994).
As shown below, t}lis “wall” of galaxies  around 5000 kl[l  s-lis due to a numlmr  of
su~)crclustcrs  bctwcc]l 4000 aud 6000 kln s- 1 slid relative deficicmcics  of galaxies
ofl the wall in the two voids, ‘1’hc mcolldary  peak centers at about 8500 kln s--],
a velocity corrcs~~onding  to that of tlie Great Wall (Gcllcr & }Iuchra 1989). As
wc shall see below, our data su~<,csts that the Great Wall difl’uses out in the
7,0A .

4.2. Galaxy  IIistribution  Ovm S m a l l e r  Scala

Galaxy distributions over scales IIIUCh slnallcr than our survey sc.alc call  be visu-
ally illustrated hy the CO]IC diagl a]ns ill Figure  4, where wc plot UC versus 1{.A.
for the whole survey  area (panel [a]) ant] for threw declination ZO]ICS of 1‘2 degrees
each (panels [a] to [c]). We only s]iow galaxies with OC < 12, 000 kln S-l ahovc
whit.]1 our data a~)pear sparse in such coIie diagralns. ‘1’}Ic area between  the two
dashed lillcs  in ca.c}l diagraln indic.atm Ibl <5°, whcm our observations arc not
quite colnplctc  yet.

A fcw known supm-clusters call k easily identified in Figure 4: the “hc’acl”
of 1’]’ supercluster  (Ilay]lcs  &[ Giovallc]li  1988) ill l’ig;urc 4d (VC N 5000 k)li s- 1,
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l’igurc 4. Co]ic dia.grains of velocity versus R,A. for varic,us  zo]ics of
clcc]inaticms  6: (a) tllc whole survey area, aIIcl (b) 0° < 6 < 1 ‘2° o]t tliis
page; (c) 12° < 6 < 24°, slid ({i) 24° < 6 < 36°011 the next page. ‘l’lie
sylnbo]s are tllc salne as in l“ip,urc 3.
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‘2}’ < ~ < 3“), the  N1600 su~mc.luster  (Saunders c1 al. 1 991) in ]:igurc 4C
(u= w 4400,&w 5}’), the Gcunini  filament  (1’ocarcli,  Marallo,  & Vctto]ani  1984)
in l’igurm  4C and 4d (4000 < v, < 6000, 6}’ < @ < 8t’, par-t of tlic (;rcat Wall
(Gellcu-  & IIuchra  1989) in l’igulm  41) a]ld 4C (8000 < v, < 10,000, a > 71’).
Our statistical analysis also shows that the co]lcmltraticm around o N !2.4h and
UC N 9100 kIII s- lill l“iguw 4d is probably fairly high in galaxy  dcvlsity  and that
there exists a sir;ilificallt  supcrclustm  at o N 61’, d w 18°, and UC N 5800 k]n s- ].

A few large voids were ullalllbiguously  identified and arc visible in thcm

cone  diagra.lns. A void up to v, N 6000 k]]] S-J , hOUIldC’d  hy 3}’ < n <41’, fills
our dcclilla.tioll  rallgc, At its lower velocity end, this void conncck to a “lclc.al
void’ ) lying Mow M 4000 kln s- 1 at 31’ < a ~ 81’; whi]e at the high velocity clld,
it c.o]i]lccts  to allothcr  large void at 4 ~ 18° wit}l a vc]oc.ity  stretching out to
at least  10,000 krn s–]. ‘1’lic existmlcc of these voids clearly  shows t}lat the 1’1’
supercluster  does not extend  to [U > 31’ within our survey  declination range.

q’here is allothcr  giant void with 6000 s VC S 8000 kln s- land o s 9}’.
‘l’his  void is located just ill front c)f the Great Wall and appears to extend well
il~to the ZOA. l]ut t}lc galaxy  density ill this void ap]mrcnt]y  increases M R,A.
dec.rcascs,  so is tllc colltrast  hetw’ec]l  tllc Great Wall a]ld its llciglibori~lg  region.

5. Conclsuions

Our lnain results, Imscd  0]1 t}]c cxtillction-free galaxy  distribution of a uniforln
sample of IR.AS ga lax ies  in the area  of 2}’ < cl < 10}’ and 0° < 6 < 36°,
can lm summa .rizcd as follows: (1) Our data extcmdcxl so,ne otic.ally  known
conccntratio]ls  and revealed so]ne ~ie.w OIICS,  but  the ])ossibility cjf a IIcarby,  very
rich superc]ustcr  can probably be ruled out in t}lis rcgioll. (2) Several voids arc
ullanlbiguous]y  idcultified,  III pal tic.ular,  a large void bctwcml ~ w 3}’ and 4~’, u])
to uh N 6000 kin/s,  scpa.ratm  t]ic ]’isc.es-]’m-scms  supm-cluster at cr < 3}’ from
structures at a > 4~’. (3) ‘1’I)cIc are cxccssivc galaxic.s arou]ld v N 5000 and
w 8500 km s-1, respcc.tivcdy.  ‘1’lic  latter ‘(wall” appears to gradually diflusc  out
after  it mltcrs tllc Zo]ic of Avoid filicc fl-oln tile ]Iorthcrll Galactic. hcn~is~)hcu-c,
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